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Execut ive Summary 

Two days dur ing J u l y  o f  1981 the NASA/MSFC Airborne Doppler L i d a r  System 

(ADLS) was f lown aboard the NASA/AMES Convair 990 on the east  side o f  $an 

Gorgonio Pass Ca l i f o rn ia ,  near Palm Springs, t o  measure and i nves t i ga te  the 

accelerated atmospheric wind f i e l d  discharging from the pass. 

The ADLS used a pulsed CO2 l a s e r  w i th  a 10.6 p m  wavelength. The pulse 
r e p e t i t i o n  r a t e  was 140 times a second w i th  a 2p sec pulse length. The 

return,  from the l a s e r  l i g h t  scat tered by n a t u r a l l y  occurr ing aerosols, was 
gated t o  g ive  a spa t i a l  reso lu t i on  o f  approximately 300 meters. The Doppler 

frequency s h i f t  o f  the returned l i g h t  i s  a measure o f  the along ax is  component 

o f  the atmospheric v e l o c i t y  f i e l d .  The two dimensional hor izonta l  wind f i e l d  
was observed by r o t a t i n g  the beam f i r s t  t o  an angle o f  2O0 i n  f r o n t  of a 

normal t o  the a i r c r a f t ,  then t o  an angle o f  ZOO behind a normal t o  the 
a i r c r a f t ,  both i n  a hor izonta l  plane. This  technique produced a cross hatched 
(checkerboard) spa t i a l  p i c t u r e  o f  the hor izonta l  wind f i e l d  a t  each l o c a t i o n  

where the path o f  a forward pulse and the path o f  a rearward pulse crossed. 

The two along ax i s  component v e l o c i t i e s  measured a t  each pulse path crossing 
were used t o  produce a hor izonta l  wind f i e l d .  The vectors are a checkerboard 
s p a t i a l l y  separated, both p a r a l l e l  and normal t o  the a i r c r a f t  f l i g h t  path, a t  

about 300 meters. 

These t e s t s  were conducted t o  examine the v e r t i c a l  and hor izonta l  extent  

o f  the f a s t  moving atmospheric f l ow  discharging from the San Gorgonio Pass. 
Conventional ground measurements were a lso taken dur ing the t e s t s  t o  a s s i s t  i n  

v a l i d a t i n g  the ADLS r e s u l t s .  This  p a r t i c u l a r  region i s  recognized as a h igh  

wind resource region and, as such, a knowledge o f  the hor izonta l  and v e r t i c a l  

ex ten t  o f  t h i s  f l ow  was o f  i n t e r e s t  f o r  wind energy app l ica t ions .  The 

s t a t i s t i c s  o f  the atmospheric f l ow  f i e l d  i t s e l f  as i t discharges from the pass 

and then spreads out  over the deser t  were a lso  o f  s c i e n t i f i c  i n te res ts .  This 

data provided the f i r s t  spa t i a l  data f o r  ensemble averaging o f  spat ia l  

co r re la t i ons  t o  compute l ong i tud ina l  and 1 a te ra l  i n t e g r a l  1 ength scales i n  the 
1 ongi t u d i  nal and 1 a te ra l  d i r e c t i o n s  f o r  both components. (These resul  t s  w i  11 

be discussed l a t e r  i n  t h i s  execut ive summary.) 
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The mean wind f i e l d  was o f  fundamental i n te res t .  The fo l l ow ing  f igure  i s  

a p l o t  o f  the hor izonta l  wind f i e l d  i ssu ing  from San Gorgonio Pass, near and 

over Palm Springs, obtained by the ADLS system. 

Atmospheric Wind F i e l d  Discharging From San Gorgonio Pass 

The pass i s  near the l e f t  center o f  the f igure ,  w i t h  nor th  being a t  the 

top o f  the f i gu re .  The f l ow  i s  seen t o  discharge onto the desert  uni formly 

from the nor th  o f  the pass, however, south o f  the pass the f l o w  tu rns  south 
and fo l lows the mountain contours down over the Palm Springs area. 

Mean winds observed w i t h  the ADLS i n  the v i c i n i t y  o f  the pass were o f  the 
Ground t r u t h  order o f  13 m/s a t  an e leva t i on  o f  about 700 meters above arade. 
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data taken from towers ind ica ted  a wind speed o f  approximately 13 m/s a t  46 
meters and k i t e  data taken a t  100 meters a lso ind ica ted  a wind speed o f  

approximately 13 m/s. Power law p r o f i l e s  w i th  c o e f f i c i e n t s  o f  about 0.10 tend 

t o  e x i s t  near the ground b u t  the p r o f i l e  qu i ck l y  f l a t t e n s  and i n  some cases 

show a s l i g h t l y  negat ive exponent a t  h igher  elevat ions. This i s  as expected 
f o r  accelerated and decelerated f l o w  through a pass. The f low 
accel e r a t i o d d e c e l  e r a t i o n  provide the dominant f l ow  e f f e c t s  as opposed t o  

normal boundary l a y e r  growth from the pass f l o o r  dominating the v e l o c i t y  

p r o f i l e .  The ground based tower data thus supports the ADLS data and thereby 

provides some v a l i d a t i o n  o f  the ADLS mean wind data. 

There has been some speculat ion as t o  whether the spread i n  the Doppler 

spectrum o f  the AOLS cou ld  be used as a d i r e c t  measure o f  the turbulence 

w i t h i n  the focal  volume. I n  an attempt t o  evaluate t h i s  speculat ion h igh 
reso lu t i on  data were taken on ground towers and analyzed f o r  t imes 

corresponding t o  300 meters o f  wind passing over the sensors. (The 300 meters 

corresponds t o  the pulse length  i n  which the va r ia t i ons  from d i sc re te  p a r t i c l e  

re tu rns  would cause spread i n  the Doppler spectrum.) The tower data ind ica ted  

a v e l o c i t y  RMS o f  approximately 1 m/s. This value was s l i g h t l y  l a r g e r  than 1 
m/s a t  a he igh t  o f  10 meters and had f a l l e n  t o  about .9 m/s a t  a he igh t  o f  46 

meters. Outside o f  the constant shear region t h i s  value i s  expected t o  

cont inue t o  decrease due t o  d i s s i p a t i o n  exceeding product ion as wel l  as the 

f a c t  t h a t  the tu rbu len t  length  scale i s  increasing and thus the percent energy 
f o r  the same h igh  wavenumber region o f  i n t e r e s t  w i l l  be l ess  (i.e., the l a r g e r  

the i n teg ra l  scale the more energy i s  associated w i th  lower wavenumbers) . 
The average RMS o f  the Doppler spread was about 1.7 m/s. There are, 

however , several other  phenomena t h a t  con t r i bu te  t o  the Doppler spread ( e  g., 

the f i n i t e  residence time t h a t  the sca t te r i ng  sources are i n  the sensing 

volume, the f i n i t e  pulse length, etc.) .  Thus, the analys is  o f  t h i s  t e s t  data 

i nd i ca tes  t h a t  add i t i ona l  thought i s  requi red before one can conc lus ive ly  use 

the Doppler spread f o r  assessing the turbulence l eve l  w i t h i n  the beam 
reso lu t i on  volume (pu l  se length) .  

For decades s c i e n t i s t s  have estimated spa t i a l  s t a t i s t i c s  by tak ing  t ime 
h i s t o r i e s  and then using Tay lo r ' s  Hypothesis t o  transform the time h i s t o r y  

i n t o  a synthet ic  space h i s to ry .  Perhaps one o f  the greatest  s c i e n t i f i c  

a 
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achievements o f  the ADLS system i s  i t s  a b i l i t y  t o  produce a spa t i a l  f i e l d  o f  

wind vectors from which t r u e  spa t i a l  co r re la t i ons  and length  scales may be 

computed. 

Large areas d i r e c t l y  a t  the pass e x i t  and over Palm Springs were analyzed 
separately f o r  t h e i r  spa t i a l  p roper t ies .  The f l ow  over Palm Springs provides 
a nonaccelerat ing f l ow  f i e l d  wh i le  the f l o w  e x i t i n g  the pass provides a 
d i l i t a t i n g  o r  dece lera t ing  flow. The l a t e r a l  length  scale i n  the pass was 

computed t o  be roughly the-same b u t  s l i g h t l y  l a r g e r  than the l ong i tud ina l  
length  scale. (That i s ,  the  l a t e r a l  component co r re la ted  i n  the l a t e r a l  

d i r e c t i o n  compared t o  the l ong i tud ina l  component co r re la ted  i n  the 

l o n g i t u d i n a l  d i rec t ion . )  Over the desert  near Palm Springs the t r a d i t i o n a l  

e f f e c t  o f  the l ong i tud ina l  length  scale being the l a r g e r  was observed. 

The fo l l ow ing  are the  authors'  conclusions based upon the analys is  o f  the 
NASA Airborne ULS data taken a t  San Gorgonio Pass. 

. The NASA/ADLS measured hor izonta l  wind f i e l d s  are c red i tab le .  

. The NASA/ADLS provides unique spa t i a l  sensing o f  atmospheric 
p rope r t i es  prev ious ly  unat ta inable.  

. Spat ia l  c o r r e l a t i o n s  and length  scales have been computed a t  the San 

Gorgonio Pass e x i t  and near Palm Springs. 

The fo l l ow ing  are the authors'  recommendations f o r  f u t u r e  use o f  the 
NASA/ADLS. 

. The 

. The 

ver  

1) 

2) 

NASA/ADLS be used t o  study f l ow  over and about complex te r ra in .  

NASA/ADLS be used t o  measure atmospheric f lows f i e l d s  t o  prov ide 

f i c a t i o n  data f o r  numerical codes used to: 

P r e d i c t  po ten t i a l  d ispers ion o f  releases from nuclear power 

p l  ants. 

P r e d i c t  d ispers ion  and concentrat ions o f  discharges from coal,  gas 

and d iesel  f i r e d  tu rb ines  and power p lants.  

R 
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ANALYSIS OF THE NASA/MSFC AIRBORNE DOPPLER LIDAR RESULTS 
FROM SAN GORGON10 PASS CALIFORNIA 

by 
Wi l l i am C. C l i f f  

J .  Raymond Skarda 
David S .  Renne 

Wi l l iam Sandusky 

1.0 HISTORICAL BACKGROUND 

Two decades ago (1964) H. Yeh and H. Z. Cumrnings(l) publ ished t h e i r  

experimental r e s u l t s  which demonstrated t h a t  coherent l a s e r  systems could be 

used t o  accurate ly  measure f l u i d  v e l o c i t i e s .  The po ten t i a l  f o r  t h i s  new 

technology was qu i ck l y  recognized by both p r i v a t e  i ndus t r y  and by the federal 
government 1 abs. S im i l a r  programs/concepts t h a t  were being pursued a t  t h i s  

same t ime by i ndus t r y  and government were accelerated and by the mid-60's 

p r i v a t e  i ndus t r y  was marketing small labora tory  systems, which by now had 

become known as Laser Doppler Velocimeters ( LDV ) , w i t h  measurement sensing 

ranges o f  up t o  a few meters. Systems which could probe longer ranges were 

being pursued by government labs  such as the NASA's Marshall Space F l i g h t  

Center and the A i r f o r c e ' s  Arnold Engineering and Development Center. The 

Arnold approach was t o  scale up one o f  the techniques which were being 
e f f e c t i v e l y  used i n  the laboratory.  This was a system which comprised o f  a 

l a s e r  beam being s p l i t  and the recombined a t  the desi red sensing loca t ion .  

Ranges o f  tens o f  meters have been achieved but  the system was massive and 

somewhat l i m i t e d  i n  c a p a b i l i t y .  Over the years several i nves t i ga to rs  have 
used t h i  s approach f o r  atmospheric v e l o c i t i e s  w i th  1 i m i  t ed  success. 

A t  the same t ime a NASA team headed by Robert M i l t o n  Huffaker had been 
working on a unique approach which used a continuous wave ( C W )  C02 s ing le  beam 

lase r  system which t ransmi t ted  the l a s e r  l i g h t  and received the returned l i g h t  

along the same o p t i c a l  path (coax ia l  1. 

I n  the 1966-67 t ime frame the f i r s t  s ignal r e t u r n  were measured w i t h  the 

Due t o  the the focal  volume increasing w i th  increasing CW-CO2 coaxia l  system. 

focal  distance the range o f  t h i s  system i s  l i m i t e d  t o  about 400 meters. 
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Because many atmospheric app l i ca t i ons  requ i re  sensing a t  ranges greater  

than 500 meters, the design of a coaxia l  C02 pulsed system was developed a t  

NASA/MSFC from 1968 t o  1970. The system was f i r s t  designed t o  look forward 
from an a i r c r a f t  t o  de tec t  Clear  A i r  Turbulence (CAT). The pulsed system was 

fab r i ca ted  and f lown i n  1972 and 1974 on the NASA/AMES Airborne Laboratory, a 

convai r  990 a i r c r a f t  named Gal i leo .  The CAT system was managed by Ed Weaver 

of NASA/MSFC, wh i le  G a l i l e o  was managed by Herb Cross NASA/AMES. Two months 

a f t e r  the 1974 f l i g h t  t e s t i n g  o f  the CAT system, a navy subchaser and the 

Ga l i l eo  c o l l i d e d  i n  mid- a i r  t ak ing  the l i v e s  o f  a l l  on board the Gal i leo.  
During the next  few years NASA/AMES equipped another Convair 990 t o  become 

t h e i r  new f l y i n g  l abo ra to ry  name G a l i l e o  I1 t h a t  c a r r i e d  the CAT system on a 
1979 mission. NASA/MSFC cont inued the development o f  both t h e i r  CW and pulsed 

C02 coaxia l  Laser Doppler Systems. 

The pulsed system was improved and a scanning system was developed which 

would t i e  d i r e c t l y  i n t o  the i n e r t i a l  nav iga t ion  system o f  the G a l i l e o  11. 
Dur ing t h i s  per iod  the development and use o f  WASA/MSFC Laser Doppler Systems 

were under D r .  Wi l l iam W. Vaughan and D r .  G. ti. F i c h t l  w i th  Ed Weaver s t i l l  

managing the a i rborne system and Jim B i l b r o  becoming the lead engineer. 

By 1981 the  new scanning Airborne Laser Doppler System (now known as 

Airborne Doppler L i d a r )  was ready f o r  c o l l e c t i n g  data on the f i r s t  set  o f  
s c i e n t i f i c  experiments w i t h  D r .  Dan F i t z j a r r a l d  i n  charge o f  the experiments 

which had been proposed by p r i v a t e  industry ,  u n i v e r s i t i e s  and other  government 

agencies. The Airborne Doppler L i d a r  System was f i t t e d  i n t o  the Ga l i l eo  I1 i n  
June 1981 t o  perform t e s t s  associated w i t h  D r .  James Dodge's (NASA HQ) severe 

storms program. The NASA/MSFC team was the same as given above and the 

G a l i l e o  was now managed by George Alger  as i t  was f o r  the 1979 CAT f l i g h t s .  

During June and J u l y  o f  1981 the G a l i l e o  would perform 21 f l i g h t s  which 

employed the Airborne Doppler Lidar.(') On two o f  these f l i g h t s ,  J u l y  10 and 

July 29, *he Airborne Doppler L i d a r  System measured the w i n d ' f i e l d  e x i t i n g  the 

eas t  end o f  San Gorgonio Pass, C a l i f o r n i a .  I t  i s  these tes ts  and the analys is  
o f  the Airborne Doppler Wind Data t h a t  are the subject  o f  t h i s  repor t .  

x 
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2.0 INTRODUCTION 

2.1 Region Descr ip t ion  

The San Gorgonio Pass region was i d e n t i f i e d  i n  October 1980 by NASA's 
Secondary Flows, Boundary Layers, Turbulence, Wave Team, as a region where the 

atmospheric f l ow  f i e l d  was of s c i e n t i f i c  and p r a c t i c a l  s ign i f i cance and 

i n t e r e s t .  The San Gorgonio Pass i s  located approximately 200 Km (120 m i les )  

east  o f  Los Angeles. The pass i s  about 40 Km (25 m i l es )  long w i th  a wester ly  

e leva t i on  o f  approximately 760 m (2500 f t )  g radua l ly  dropping t o  an e leva t i on  

o f  approximately 200 m (700 f t ) .  The width o f  the pass i s  roughly 8 Kin (5 
rn i les) [at  a contour approximately 300 m (1000 f t )  above the pass f l oo r ] .  The 

east  end the pass q u i c k l y  broadens and becomes open deser t  f l o o r .  The 

mountains through which the pass penetrates r i s e  t o  about 3350 Kin (11,000 f t )  

w i t h i n  16 t o  24 Km (10-15 m i les )  on each s ide o f  the pass f l o o r .  When the 

marine invers ion  l aye r  on the Los Angeles s ide b u i l d s  t o  a depth greater  than 

the pass entrance e levat ion,  the marine a i r  begins f low ing down the pass. The 
f l ow  i s .  accelerated i n t o  and down the pass and then decelerates as i t  expands 

onto the desert  on the eas t  side. 

This  region i s  wel l  known f o r  i t s  e x t r a o r d i n a r i l y  strong winds and was 

considered t o  p o t e n t i a l l y  be a st rong wind resource loca t ion .  However f o r  the 

region t o  be a st rong wind source l o c a t i o n  f o r  m u l t i p l e  wind turb ines spaced 

i n  a d i r e c t i o n  p a r a l l e l  t o  the p r e v a i l i n g  wind d i r e c t i o n  (a l igned w i th  the 

pass), the h igh winds must be more than j u s t  strong surface winds. The st rong 

winds must extend t o  s i g n i f i c a n t  heights above grade l e v e l .  This i s  so t h a t  

there would be s u f f i c i e n t  upper a i r  momentum t o  replace the momentum ex t rac ted  

by upwind wind turbines. This  v e r t i c a l  extend o f  these strong winds along 

w i t h  the spreading o f  these strong winds over the v a l l e y  f l o o r  were the 

p r a c t i c a l  i n t e r e s t s  o f  t h i s  atmospheric region. 

S c i e n t i f i c  ob jec t ives  which were t o  be met by i nves t i ga t i on  o f  t h i s  

region were the examination o f  the atmospheric f l ow  f i e l d  as i t  diverged a t  

the pass e x i t  and the comparison o f  these r e s u l t s  w i t h  those obtained over the 
deser t  region where the stream1 ines become s t r a i g h t  and p a r a l l e l  Since t h i s  

would be the f i r s t  oppor tun i ty  t o  examine de ta i l ed  spa t i a l  wind f i e l d s  i n  the 
boundary layer ,  t h i s  region presented a unique oppor tun i ty  t o  examine spa t i a l  
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cor re la t ions ,  both l a t e r a l  and l ong i tud ina l  a t  upper e leva t ions  f o r  both the 

d iverg ing  pass f l o w  as wel l  as over the deser t  f l o o r .  Other s c i e n t i f i c  i tems 

o f  i n t e r e s t  were t o  compare Doppler L i d a r  r e s u l t s  w i th  data obtained from 

t e r r e s t r i a l  measuring systems such as met towers equipped w i th  conventional 

anemometers and k i t e s .  Several o f  the other  Airborne Doppler L i d a r  

experiments f lown dur ing the June-July 1981 t ime frame were a1 so establ ished 

f o r  comparing the Airborne Doppler L i d a r  r e s u l t s  w i th  those obtained by other  

measuring techniques such a-s Dual Doppler Radar w i th  c h a f f  as a t r a c e r  and 
small plane measurements. Since a l l  tower and k i t e  type data prov ide on ly  

temporal in format ion,  comparisons o f  the Doppler L i d a r  Data w i th  tower o r  k i t e  

data do requ i re  t h a t  t ime and space s t a t i s t i c s  be r e l a t e d  through Taylors 

hypothesis(3) which s ta tes  i n  p a r t  t h a t  "...one may assume t h a t  the sequence 

o f  changes i n  u a t  a f i x e d  p o i n t  are simply due t o  the passage o f  an 

unchanging pa t te rn  o f  t u rbu len t  motion over the po in t ,  i.e., one may assume u 
= Q( t )  = Q(x/U) where x i s  measured upstream a t  t ime t=O from the f i x e d  p o i n t  

where u i s  measured." Where u i s  the f l u c t u a t i n g  p o r t i o n  o f  the v e l o c i t y ,  U 
the  mean v e l o c i t y  and t i s  time. With temporal and spa t i a l  mean v e l o c i t i e s  

being comparable by consider ing s t a t i o n a r i  t y  and con t i nu i t y .  

2.2 Airborne Doppler L i d a r  Descr ip t ion  

The fo l l ow ing  desc r ip t i on  o f  the Airborne Doppler L i d a r  System used i n  
the San Gorgonio experiment i s  f o r  the most p a r t  ext racted from reference 2 
cour tesy o f  J i m  B i l b ro .  A block diagram o f  the Airborne Doppler L i d a r  System 

(ADLS) i s  provided i n  f i g u r e  1. 

The master o s c i l l a t o r  i s  a small, 8 W continuous wave C02 l a s e r  operat ing 
a t  a wavelength o f  10.6 um. A beam s p l i t t e r  permits a small po r t i on  o f  the 

output  o f  t h i s  l a s e r  t o  be used as a l o c a l  o s c i l l a t o r  which i s  s h i f t e d  i n  

p o l a r i z a t i o n  by 90' ( n o t  shown i n  F igure 1) then recombined w i th  the scat tered 

r e t u r n  c rea t i ng  a t ime dependent in te r fe rence pa t te rn  on a l i g h t  sens i t i ve  

detector.  The major p o r t i o n  o f  the l ase r  beam i s  d i rec ted  through an 
e lec t ro- op t i c  modulatw,  where i t i s  amplitude-modulated t o  form a t r a i n  o f  2 
LIS (330 m) long pulses. This  l a s e r  pulse t r a i n  passes through an o p t i c a l  
i s o l a t o r ,  expander, and a se r ies  o f  s i x  a m p l i f i e r  tubes. 
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I I  I I  

Figure 1. Block diagram of Airborne Doppler L i d a r  System. 
t o  l i g h t  signals and single-black arrows refer t o  electronic 
signal s (From Reference 2 ,  Courtesy of J . Bil b r o )  

Broad arrows refer 

w 
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A f t e r  e x i t i n g  the amp l i f i e r ,  the l a s e r  pulses pass through a Brewster 

window and quarter-wave p la te .  The pulses are then expanded and co l l imated by 

a 30 cm, a l l  aluminum, o f f - a x i s  telescope t o  a diameter o f  0.24 m (measured t o  

the 2 The pulses then 
pass through two germanium wedges t h a t  a l l ow  scanning i n  a hor izonta l  plane 

20' forward and 20° a f t  o f  the telescope l i n e- o f - s i g h t  (which i s  normal t o  the 

a i r c r a f t  cen te r l i ne ) .  The pulses e x i t  the a i r c r a f t  through a germanium 
window, which a lso  serves as a pressure bulkhead. Once the pulses enter  the 

atmosphere, t h e i r  l i g h t  i s  scat tered i n  a l l  d i rec t i ons  by aerosols t y p i c a l l y  

ranging from 1 t o  10 p m  i n  diameter. Some o f  the r a d i a t i o n  i s  scat tered back 

along the ax i s  o f  i l l um ina t i on ,  having been both phase and frequency sh i f ted .  

The amount t h a t  the frequency i s  s h i f t e d  i s  c a l l e d  the Doppler s h i f t  o r  

Doppler frequency. The Doppler s h i f t ,  Af ,  i s  p ropor t iona l  t o  the 

1 i ne- o f- s igh t  v e l o c i t y  component o f  the sca t te r i ng  sources. The equation f o r  

the Doppler s h i f t  as a func t i on  o f  the l i n e- o f - s i g h t  component, V L ,  i s :  Af = 

p o i n t  o f  the Gaussian-shaped amplitude d i s t r i b u t i o n ) .  

2VL/X. 

The back-scattered r a d i a t i o n  from measurement vol umes (0.24 m diameter, 

330 m length)  i s  co l l ec ted  by the same telescope responsible f o r  the 

transmission. The r a d i a t i o n  t r a v e l s  back through the quarter-wave p l a t e  t o  

the Brewster window, where i t  i s  r e f l e c t e d  t o  a beam s p l i t t e r  (due t o  the f a c t  

t h a t  a t  t h i s  l o c a t i o n  the re tu rn ing  l i g h t  i s  po la r ized 90' t o  the t ransmi t ted  

l i g h t  and i s  now r e f l e c t e d  from the Brewster window, through which the 

t ransmi t ted  l i g h t  passes). The re tu rn ing  r a d i a t i o n  i s  then combined w i t h  the 

l oca l  o s c i l l a t o r ,  and focused on the surface o f  a l i qu id- n i t roaen  cooled 

HgCdTe detector .  The combination o f  the two beams r e s u l t s  i n  an in te r fe rence 
pa t te rn  t h a t  var ies  i n  t ime according t o  the frequency d i f f e rence  between the 

l o c a l  o s c i l l a t o r  and the back-scattered rad ia t i on .  The output  o f  the detector  

i s  an FM s ignal ,  whose modulation i s  propor t ional  t o  the Doppler s h i f t  

associated w i th  the movement o f  aerosols contained w i t h i n  the measurement 

vol  ume. 

The detector  output  i s  ampl i f ied,  and then the frequency analyzed using a 

m u l t i p l e  band pass analyzer. A t  t h i s  time, three spectral  parameters are 

extracted. These three spectra l  parameters are shown i n  F igure 2 (Lee, 
1980). 

e 
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= PEAK INTENSITY VAL JE 'P 
FM = FREQUENCY ASSOCIATED WITH Ip 
W = WIDTH 

FM 

FREQUENCY 

Figure 2. Spectral  Parameters Calculated by the Signal Processor 
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The mean frequency s h i f t  i s  r e l a t e d  t o  the mean aerosol l i ne- o f- s igh t  
ve loc i t y ,  wh i le  the i n t e n s i t y  i s  r e l a t e d  t o  the back-scattered power. The 

spectra l  width i s  est imated from the shape o f  the autocovariance by performing 

a least-squares f i t  t o  a Gaussian d i s t r i b u t i o n .  A p o r t i o n  o f  the spectra l  

width r e l a t e s  t o  the spread i n  v e l o c i t i e s  i n  the measurement volume. Other 

e f f e c t s  a lso  cause the spectrum t o  broaden, (e.g., broadening due t o  the f a c t  

t h a t  the data record i s  no t  i n f i n i t e ,  broadening due t o  f i n i t e  resonance t ime 

o f  the aerosol s, and others) .  

The on board i n e r t i a l  nav iga t ion  system provides data t o  the Airborne 
Doppler L i d a r ' s  Central  Timing and Control  Systems (CTCS) from which the 

a i r c r a f t s  p i t c h  and r o l l  are used t o  con t ro l  the scanner p o s i t i o n  so t h a t  the 

Doppler L i d a r  System scans on ly  i n  a hor izonta l  plane. The planes motion 
r e l a t i v e  t o  the ground, along w i th  the beam d i rec t i on ,  i s  used t o  compute the 

Doppler frequency s h i f t  t h a t  r e s u l t s  from the motion o f  the a i r c r a f t .  This 

frequency i s  then removed from the r e t u r n  Doppler frequency p r i o r  t o  

computation o f  the wind ve loc i t y .  
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3.0 SUMMARY OF RESULTS. CONCLUSIONS AND RECOMMENDATIONS 

3.1 Resul ts  

. The NASA Airborne Doppler L i d a r  System successfu l ly  measured the  
ho r i zon ta l  wind f i e l d  near the east s ide o f  San Gorgonio Pass, 

Cal i f o r n i  a. 

. The depth o f  the accelerated f l o w  from the San Gorgonio Pass was i n  
excess o f  1 KM. 

. The atmospheric f l o w  f r o m  the pass spreads out  t o  f o l l o w  the h i l l s  t o  
the south over Palm Springs b u t  tends t o  discharge eas te r l y  a t  the  

no r th  s ide o f  the pass. 

. Ground data i n d i c a t e  t h a t  near surface f lows channel somewhat down the 
center  o f  the pass. 

. Spat ia l  co r re la t i ons  were computed from the ADLS data e x i t i n g  the pass 

as wel l  as over Palm Springs. 

. In teg ra l  length  scales o f  the wind f i e l d  ranged from about 300 t o  500 
meters a t  e leva t ions  o f  650-800 meters. 

3.2 Conclusions 

. The NASA ADLS can accurate ly  measure the hor izonta l  wind f i e l d  over 
complex t e r r a i n  w i t h  a g r i d  p o i n t  spacing o f  about 300 meters w i th  a 

range o f  about 10 KM (e.g., each pul se i s  sensed every 300 meters by 

ga t i ng  the re tu rn ) .  

. The NASA ADLS provides a unique c a p a b i l i t y  f o r  performing atmospheric 

research with unique spat i  a1 resol  u t i o n  prev ious ly  unattainable. 

3.3 Recommendations 

. The NASA ADLS be used t o  study atmospheric f l ow  f i e l d s  over complex 

t e r r a i  n. 
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. the NASA ADLS be used t o  measure atmospheric f l ow  f i e l d s  f o r  
compari son , V a l  i dat ion  and upgrading o f  numerical codes used t o  

p r e d i c t  d ispers ion and concentrat ions from sources o f  concern (e.g. , 
power p lants ,  mining locat ions,  etc.) .  

. The NASA ADLS be used as a s c i e n t i f i c  too l  f o r  i nves t i ga t i ng  

atmospheric turbulence and measuring atmospheric spectra and leng th  

scales over uni form t e r r a i n  f o r  var ious surface roughness. 

. The NASA ADLS be used t o  study the f l ow  behind l a rge  i s o l a t e d  kno l l s .  

a 
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4.0 TEST PROCEDURES 

As was mentioned prev iously ,  the ADLS a l t e r n a t i v e l y  scans Zoo forward and 

then 20' a f t .  It takes approximately 0.5 seconds f o r  the scanning operation. 
The length  o f  t ime requ i red  f o r  each forward o r  a f t  measurement depends upon 

the number o f  pulses one wishes t o  average. For the San Gorgonio f l i g h t  120 
pulses were averaged f o r  each measurement. 

A 2p second pulse was used w i th  a r e p e t i t i o n  r a t e  o f  140 per second and a 
ga t ing  o f  the r e t u r n  every Z I J  seconds. This enabled the system t o  provide 
wind data about every 300 meters both p a r a l l e l  and normal t o  the planes 

motion. 

Figures 3 and 4 (cour tesy J .  B i l b r o  from Ref. 4) g raph ica l l y  dep ic t  the 
scanning process used w i th  the Airborne Doppler L i d a r  System. 

A f l i g h t  t e s t  p lan  was developed which u t i l i z e d  the ADLS' c a p a b i l i t y  f o r  

d e t a i l i n g  the  f l ow  e x i t i n g  the San Gorgonio Pass as wel l  as f l ow  over Palm 

Springs. Appendix A i s  a copy o f  the t e s t  plan conceived f o r  the San Gorgonio 

tes ts .  Ground data was t o  be taken a t  several l oca t i ons  throughout the San 
Gorgonio region, i nc lud ing  data from: 

. a 100 meter meteorological tower i n  the pass 

. a 50 meter meteorological tower j u s t  downstream o f  the pass e x i t  on 

. several 10 meter towers 

. several t a l a  k i t e s .  

the nor th  side o f  the pass 

The f l i g h t  o f  the NASA Convair 990 was t o  be a t  e leva t ions  where the 
a i r c r a f t  was as low as possib le t o  c o l l e c t  data t h a t  was as c lose t o  the 

ground data as possible. The f l i g h t  paths were a l so  t o  be a t  h igher  
e levat ions t o  determine the v e r t i c a l  extent  o f  the accelerated f l ow  through 

the pass. 

The ADLS beam could a l so  be locked a t  a s l i g h t l y  depressed angle enabl ing 

a one dimensional look  a t  v e l o c i t i e s  as a func t ion  o f  e levat ion.  Several 

f l i g h t  paths incorpora t ing  t h i s  feature were a lso  suggested i n  the t e s t  plan. 
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Figure 3 .  Airborne Doppler Lidar Scan Pattern 
(Courtesy of J . Bil bro, NASA/MSFC, Reference 41 
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Figure 4 .  Expanded View o f  Airborne Doppler Scan Pattern 
(Courtesy o f  J .  Bilbro, NASA/MSFC, Reference 4 )  
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Because of the 
tes t ,  much onboard 

tremendous amount of information bei ng recei ved d u r i  ng a 
real  time data  compression and computing was performed. 

Some addi t iona l  data  handling was performed a t  the Marshall Space F l i g h t  
Center (MSFC) w i t h  the reduced data  f o r  the var ious tests was t h e n  d i s t r i b u t e d  
t o  the var ious pr inc ipa l  i nves t i ga to r s .  

Table 1 is a l i s t i n g  of the information provided on the magnetic tape  
header record f o r  the San Gorgonio f l i g h t s ,  Table 2 is  a l i s t i n g  of the 
information provided on the da ta  t ape  f o r  each pulse. Note t h a t  each pulse i s  
range gated 45 times f o r  the San Gorgonio tests. T h i s  means t h a t  the 
atmospheric ve loc i ty  was ampled a t  45 l o c a t i o n s  along each pulse. 



24 

TABLE 1. HEADER RECORD FOR SAN GORGON10 FLIGHTS 

WORD # - NAME WEIGHT 

1 
2 
3 
4 
5 
5 
6 
7 
8 
9 

10 
11-90 

F1 i g h t  # 
Run # 
Month 
Day F1 i g h t  Date 
Year 
Hours 
Minutes S t a r t  Time 
Seconds 
Hours 
Minutes Stop Time 
Seconds 
Spare 

1 
1 
1 
1 
1 
1 
1 
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TABLE 2. PULSE DATA RECORD 

WORD t 

1 
2 
3 

4-11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

957 
958 
959 
960 
96 1 
96 2 
963 
964 
96 5 
966 
967 
968 
969 
970 
971 
972 
97 3 
974 
97 5 

NAME - 
East Distance 
North Distance 
LOS 
Spare 
L i da r  Ampl i tude Raw 
L ida r  Ve loc i t y  Raw 
L i da r  Width 
East Distance 
North Distance 
S 
L i da r  Ampl i tude Threshold 

L i da r  Veloc i ty*  
and range corrected 

c1 
C2 

c4 
65 

c7 

C3 Smooth Coe f f i c i en t s  

Cg Spare Coe f f i c i en t s  

E a s t  Distance Advected** 
North Distance Advected** 
V o r t i c i t y  
Divergence 
S t re tch  
Shear 
Words 12-32 repeat 44 more 

times once f o r  each B in  
F1 i g h t  # 
Day # 
Run # 
T i  me, Seconds 
Time, Minutes from Midnight 
Pressure A1 ti tude 
Spare 
Radar A1 ti tude 
Dew/ F r o  s t P o i n t 
S t a t i c  A i r  Temp. 
IR Surface Temp. 
Tota l  A i r  Temp. 
Lat i tude,  Minutes 
Lat i tude,  Degrees 
Longitude, Minutes 
Longitude, Degrees 
True Heading 
True A i r  Speed 
Ground Speed 

WEIGHT 

20m 
20m 
.lo 

.1875 PdS 

.08 m/s 
1 (coded) 
20m 

20m 
.001 

.1875 

.08 m/s 

.oooooo 1 

20m 
20m 

1 
1 
1 
.1s 
lm 
16,479 ft. 

2 ft. 
.1oc 
.1oc 
.1oc 
.1oc 
.1 min. 
1 deg. 
.1 min. 
1 deg. 
.044 
1 k ts .  
.1221 k ts .  

1 

- v t 
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TABLE 2. (continued) 

WORD ## 

976 
977 
978 
979 
980 
981 
982 
98 3 
984 
985 
986 
987 
988 
989 
990 
99 1 

NAME 

Dri f t Angl e 
Wind Speed 
Wind Direction 
Pitch 
Roll 
Wedge Angle, Inner 
Wedge Angle, Outer 
Time to Position 
Sensor Motor Temp. 
LOS Elevation 
Pul ses Per Integration 
Number of Lags 
Track 
Lo Frequency 
Off- set 
Spare 

- WEIGHT 

.043945O 

.1 k t  
-10 
.043945O 
.043945 
.lo 
.lo 
10 
.1oc 
.lo 
1 
1 
.043945O 
.01 
.08 
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5.0 WIND VECTOR ANALYSIS AND RESULTS 

The wind vector  data f o r  the San Gorgonio's t e s t  were co l l ec ted  using the 

NASA ADLS system described i n  Sect ion 2.2. A r e s o l u t i o n  o f  about 330 meters 

was resolved along the l i d a r  beam pulse by us ing a 0 . 2 ~  sec pulse of the l a s e r  

and gat ing  the r e t u r n  every 2.1311 sec. The returned r a d i a t i o n  i s  a t t r i b u t e d  

p r i m a r i l y  t o  back sca t te r i ng  by aerosols ranging from 1 t o  lOpm i n  diameter. 
The d i f f e rence  between the frequencies o f  the t ransmi t ted  and received 

r a d i a t i o n  are a l i n e a r  measure o f  the r a d i a l  (along beam) component o f  
ve loc i t y .  This  r e l a t i o n  i s  given by: Vradial = C Af 

where: Vradia l  = r a d i a l  (a long beam) component o f  the atmospheric v e l o c i t y  
C = 2/X where X i s  10.6um ( t h e  wavelength o f  the l a s e r )  
A f  = the  Doppler frequency (frequency d i f f e rence  o f  the 

t ransmi t ted  and received rad ia t i on ) .  

The measurement volume ( f o r  each pulse) i s  a c y l i n d r i c a l  region bound by the 

pulse diameter and the r e s o l u t i o n  length  R. R i s  approximated by: R= 
1/2CT 

where: C = speed o f  l i g h t  (3x108 m/s) 

T = Durat ion o f  rece iver  gate (2.13 s) 

The fac tor  1/2, comes about by convolving the pulse length  and the dura t ion  o f  

the gate. 

The back-scattered r a d i a t i o n  i s  the incoherent sum o f  a l l  the sca t te rs  

w i t h i n  the measurement volume. Spectral  analys is  o f  the measurement volume 

s ignal  was performed on board the a i r c r a f t  using the fo l l ow ing  three spectral  

parameters: (a )  mean doppler freeuency, (b )  i n t e n s i t y  o f  re tu rn ,  and ( c )  

spectra l  width as described i n  Sect ion 2.2. These parameters were averaged 

over 140 pulses t o  ge t  a mean s p a t i a l  average along the f l i g h t  path as well as 
normal t o  the f l i g h t  path. 

The doppler l i d a r  beam d i r e c t i o n s  were 20' forward and 20' a f t  o f  a 

d i r e c t i o n  normal t o  the a i r c r a f t .  The l oca t i ons  where a forward beam sampled 
the atmosphere and subsequently the rearward beam sampled the atmosphere are 

l oca t i ons  where the hor izonta l  wind vector  was computed. 

4 



5.1 Doppler L i d a r  Resul ts  

The hor izonta l  wind f i e l d s  f o r  the San Gorgonio ADLS t e s t s  were measured 

us ing the techniques described i n  Sect ion 2.2 and 5.0. The fo l l ow ing  r e s u l t s  

a re  those obtained from NASA F l i g h t  20, runs 13 and 14 which were performed on 
J u l y  29, 1981. The atmospheric hor izonta l  wind f i e l d s  from runs 13 are  shown 

i n  F igure 5 and 6 and the hor izonta l  wind f i e l d s  from run 14 are shown i n  

Figures 7 and 8. 

F igure  5 shows on ly  the measured hor izonta l  wind f i e l d  f o r  run 13 wh i l e  
F igure 6 shows the measured hor izonta l  wind f i e l d  p l o t t e d  on a USGS 
topographic map o f  the area. S im i l a r l y ,  F igure 7 i s  on ly  the measured 

hor izonta l  wind f i e l d  f o r  run 14 wh i l e  F igure 8 i s  the hor izonta l  wind f i e l d  

f o r  run 14 superimposed on a USGS topographic map o f  the area. The a b i l i t y  t o  

over lay the hor izonta l  wind f i e l d  over a USGS topographic map i s  made possib le 

because the NASA ADLS system i s  t i e d  t o  the a i r c r a f t s  i n e r t i a l  nav iga t ion  

system. From the knowledge o f  exac t l y  where the plane i s  and a knowledge o f  

the  beam conf igura t ion  r e l a t i v e  t o  the plane, the l o c a t i o n  o f  each measurement 
volume along each pulse i s  determined very accurately.  It i s  perhaps a t  t h i s  

l o c a t i o n  i n  the repo r t  t h a t  one begins seeing the extreme soph is t i ca t i on  and 

po ten t i a l  worth o f  t h i s  s ta te- of- the- ar t  system. 

A more de ta i l ed  examination o f  the data was performed on both runs i n  the 
regions o f  the f l ow  issu ing  from the pass and the f l ow  over Palm Springs. 

These regions were examined i n  terms o f  t h e i r  mean f l ow  cha rac te r i s t i cs ,  

averaged autocorre lat ions,  and corresponding i n teg ra l  length  scales. 

The c o r r e l a t i o n  analys is  w i l l  be presented i n  Sect ion 6.0 and the 
i n t e g r a l  1 ength scales f o r  a1 1 h o r i  zontal  components and d i r e c t i o n s  are 

presented i n  Sect ion 7.0. 

The l oca t i on  o f  the two regions o f  i n t e r e s t  where extensive ana lys is  was 

performed i s  as fo l lows:  

San Gorgonio Pass: 14,000 t o  21,000 meters N 
11,000 t o  21,000 meters E 

Palm Springs: 6,800 t o  13,000 meters N 
13,900 t o  24,300 meters E 
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The above regions are def ined w i t h  respect t o  a reference l o c a t i o n  w i t h  a 

The mean f l ow  c h a r a c t e r i s t i c s  l a t i t u d e  of 33'45' and a long i tude o f  116O45'. 
ana standard dev ia t ion  are summarized i n  Tables 3 and 4 respect ive ly .  

General f l ow  observat ions i nd i ca te  t h a t  the f l ow  e x i t i n g  from the  pass 
has a h igher  v e l o c i t y  than the f l ow  over Palm Springs. The lower f l o w  
v e l o c i t i e s  over the Palm Springs reg ion  r e l a t i v e  t o  the f low v e l o c i t i e s  i n  the 

pass are expected ( f rom c o n t i n u i t y )  as a r e s u l t  o f  the d iverg ing  cross 

sect ional  f l ow  area a t  the e x i t  o f  the pass. 

On the cent ra l  t o  nor th  s ide o f  the pass the f l ow  tends t o  e x i t  almost 

due east  whi le  the f l ow  d i r e c t i o n  over Palm Springs i s  37O and 2 2 O  south of 

east f o r  runs 13 and 14 respect ive ly .  The f l ow  measurements were taken 
between 650 and 800 meters above grades, which are a t  higher e leva t ions  than 
the de ta i l ed  f low/turbulence measurements o f  previous i nves t i ga t i ons  (2,  5, 6, 
7 ) .  There have o f  course been a i r c r a f t  measurements w i th  much poorer 

reso lu t i on  than the ADLS system reso lu t ion .  

I t  should be noted t h a t  p r i o r  t o  any formal analys is  o f  the data, the 
data i t s e l f  was analyzed f o r  v a l i d i t y .  Parameters used t o  screen the data and 

e l im ina te / re jec t  bad po in t s  were pulse amplitude, v e l o c i t y  width (doppler 

spread), pul se noise l e v e l  (pu l  se sigma value) , 1 i n e  o f  s i g h t  v e l o c i t y  and the 

no r th  and eas t  v e l o c i t y  components. 

I n  order f o r  a data p o i n t  t o  be accepted i t  had t o  meet the fo l l ow ing  

f i n a l  screening c r i t e r i a :  

. sigma 1 1.0 

. amplitude 1 1 2 6  db 

. width 5 6 m/s 

. ~VLOSI  5 30 m/s 

IVnorth I 5 30 m/s 

]Veast( 30 m,'s 

a 
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TABLE 3. MEAN FLOW RESULTS FOR RUN 13 AND 14 
(Over Palm Springs and San Gorgonio Pass) 

Data 

Mean Flow Angle 
(radians w i th  
respect t o  east)  

Mean Longitude 
Ve loc i t y  (m/s) 

Mean La te ra l  
Ve loc i t y  (m/s) 

Mean A1 t i -t ude  
( m )  

Mean Amp1 i tude 
(db) 

Mean Sigma Va l  ue 
(m/s) 

Mean Ve loc i t y  
Width ( m / s )  

Mean Vel oc i  ty  
Magni tude ( m/ s) 

Run 13 
Palm Springs 

- .65 

6.91 

- .41 

709 

141 

0.221 

1.71 

7.2 

Run 13 
Pass Oata 

- .23 

12.8 

- .30 

798 

143 

0.164 

1.76 

13.2 

Run 14 
Palm Springs 

-.37 

7.83 

- .47 

643 

141 

0 a 243 

1.80 

8.4 

Run 14 
Pass 

0.17 

9.53 

- .63 

803 

141 

0 2 6 4  

1.44 

10.1 

a 
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TABLE 4. STANDARD DEVIATIONS OF FLOW RESULTS FOR RUN 13 AND 14 
(Over Palm Springs and San Gorgonio Pass) 

Data 

F1 ow Angl e 
( rad ians wi th 
respect  t o  east)  

Longi t u d i  na l  F1 ow 
Ve loc i t y  (m/s) 

La te ra l  Flow 
Ve loc i t y  t m / s )  

F1 ow A1 ti tude 
(m) 

F1 ow Amp1 i tude 
(db)  

Sigma Value 
tm/s) 

Ve loc i t y  Width 
(Spread)(m/s) 

F1 ow Vel o c i  ty 
Magnitude (m/s)  

Run 13 
Palm Springs 

0.38 

3 ;23 

1.93 

26.5 

6.83 

0.23 

0.39 

3.11 

Run 13 
Pass Data 

0.22 

3.08 

2.67 

51 .O 

5.45 

0.18 

0.42 

3.04 

Run 14 
Palm Springs 

0.48 

4.47 

2 .a2 

31 .O 

6.49 

0.23 

0.52 

4.28 

Run 14 
Pass 

0.34 

2.86 

3.53 

87.9 

5.01 

0.24 

0.36 

3.17 
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5.2 Ground Tru th  Data 

The bulk  o f  the ground t r u t h  data on which de ta i l ed  analys is  was 

performed was obtained from the 50 meter Department o f  Energy meteorological 

tower located j u s t  nor th  and east  o f  the San Gorgonio pass e x i t ,  near the 

Southern Cal i f o r n i a  Edison U t i 1  i ty '  s Devers Substation. Other ground t r u t h  
data was taken a t  a Southern C a l i f o r n i a  Edison 100 m tower located i n  the pass 

where hour ly  wind speeds from the 10 meter and 100 meter l eve l  s were provided 

by Aerovironment, Inc. under con t rac t  t o  the Southern C a l i f o r n i a  Edison 

U t i  1 i ty . 
Addi t ional  ground t r u t h  data was obtained from three 5 meter towers and 

three t a l a  k i t e  anemometers a t  a he igh t  o f  100 meters. This ground t r u t h  data 

was co l l ec ted  on J u l y  10, when the f i r s t  ADLS t e s t s  were performed. Since 
l i t t l e  ground t r u t h  data was taken on J u l y  29 when the bes t  ADLS data was 
col lected,  the J u l y  10 ground t r u t h  data was used t o  develop the turbulence 
and mean wind p r o f i l e s  expected under synopt ic cond i t ions  s i m i l a r  t o  the J u l y  

10 synopt ic condi t ions.  The synopt ic cond i t ions  f o r  J u l y  29 were v i r t u a l l y  
i d e n t i c a l  t o  those o f  J u l y  10 and thus sca l ing  laws developed from the J u l y  10 

data were f e l t  t o  be v a l i d  f o r  the J u l y  29 tes t .  

The v e r t i c a l  v a r i a t i o n  o f  wind speed may be represented by c o e f f i c i e n t ,  

a, i n  the well known power law r e l a t i o n :  

where Vi is ' the'veloci ty a t  a he igh t  above grade o f  Zi. 

The fo l l ow ing  tab le  represents the power law c o e f f i c i e n t s  obtained a t  
var ious l oca t i ons  as a func t i on  o f  t ime o f  day. 

As can be seen from the data, the power law c o e f f i c i e n t  i s  l a rge r  near 
the ground and decreases wi th a l t i t u d e .  This i s  a t t r i b u t e d  t o  the f l ow  no t  
being a f u l l y  developed boundary l aye r  f l ow  b u t  ra the r  dominated by the 
in f luence o f  the acce lera t ion  through the pass. Thus upper a i r  ve loc i t i es ,  
u n t i l  the accelerated f l ow  depth i s  reached, are no t  expected t o  g r e a t l y  

exceed those observed a t  the 100 meter l e v e l  This  i s  consis tent  with the 
r e s u l t s  obtained by the ADLS. 

d 
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TABLE 5 .  SUMMARY OF POWER LAW COEFFICIENTS (a) 

50m lOOm Tal a 
T i m e  Tower Tower K i t e  

1500- 1600 0.11 0.08 -- 
1529- 1538 -0.01 
1555-1605 0.06 
1600-1700 0.13 0.11 
1625-1635 0.04 
1655-1705 0.07 
1725-1735 0.06 
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The measurements from DOE 50m tower were used f o r  de ta i l ed  analys is  of 

near surface data. S p e c i f i c a l l y  the de ta i l ed  ground t r u t h  was used t o  

est imate the turbulence l e v e l s  t h a t  would be observed i f  an i nves t i ga to r  were 

able t o  measure the spa t i a l  v a r i a t i o n s  i n  a length  o f  atmosphere . s im i l a r  t o  

the focal  volume o f  the A D L S .  This was accomplished by using Tay lo r ' s  

hypothesis f o r  changing a t ime h i s t o r y  t o  a space h i s to ry .  That i s ,  by 

m u l t i p l y i n g  a t ime h i s t o r y  by the mean wind speed such t h a t  a p a r t i c u l a r  

quan t i t y  i s  r e l a t e d  t o  a s p e c i f i c  distance ra the r  than a s p e c i f i c  t ime (i.e., 

X = u t ) .  It was most convenient t o  compute temporal s t a t i s t i c s  fo r  s p e c i f i c  

t ime i n t e r v a l s  and r e l a t e  them t o  the spa t i a l  i n t e r v a l  through Tay lo r ' s  

hypothesis. This  data i s  presented i n  Table 6. 

The data shows t h a t  uU decreases w i th  e leva t i on  and increases w i th  

sampling length. The nu decreases w i th  

e leva t i on  due t o  the f a c t  t h a t  d i s s i p a t i o n  i s  occur r ing  as the turbulence 

moves away from the boundary as wel l  as the f a c t  t h a t  the turbulence i n teg ra l  
scale increases away from the boundary thereby s h i f t i n g  the frequency spectrum 

t o  the l e f t .  That i s ,  there becomes l e s s  energy ava i l ab le  i n  the spectra l  

reg ion  measured by the  spa t i a l  o r  temporal record. 

Both o f  these items are as expected. 

This  data tends t o  bound the turbulence data expected t o  be observed i n  

the  A D L S  data. That i s ,  values of Qu i n  excess o f  1.5 m/s would be h i g h l y  

suspect. Also tu rbu len t  i n t e n s i t i e s  above about 0.1 would a lso be h i g h l y  

suspect. Addi t ional  data concerning the frequency d i s t r i b u t i o n s  o f  the 

i nd i v idua l  s t a t i s t i c s  are ava i l ab le  from the authors by reauest. 

The synopt ic weather pa t te rns  f o r  J u l y  10 and J u l y  29 were compared and 

showed su rp r i s i ng  s i m i l a r i t y .  

The predominant f a c t o r  t h a t  causes strong, pe rs i s ten t  winds i n  the San 
Gorgonio Pass area dur ing t h i s  t ime o f  year i s  the pressure grad ien t  

establ ished across the pass due t o  cool marine a i r  penetrat ing from the west 

and the warm a i r  over the Mojave desert. On synoptic weather charts,  the data 

dens i ty  i s  too sparse t o  show the existence o f  the pressure grad ien t  i n  any 
d e t a i l .  However, the surface char ts  do i n d i c a t e  when t h i s  cond i t ion  can e x i s t  
by the presence o f  a s t rong P a c i f i c  Mari t ime high pressure system t o  the west 

a 
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o f  the region, and a well-developed thermal low pressure system t o  the east  o f  

the region. Such a cond i t i on  ex is ted  on J u l y  10, as can be seen from surface 

weather char ts  on t h i s  day. Three hour ly  o f  charts,  beginning w i th  0400 PDT 

(12002) on J u l y  10, shows a well-developed h igh pressure system several 

hundred mi les  t o  the northwest o f  the region, and a closed thermal low 

immediately t o  the east  o f  the region. During the t ime o f  the f l i g h t ,  

(approximately 1530-1630 PDT) , the pressure grad ien t  across the region dropped 

from 1012 mb i n  Los Angeles t o  1005 mb i n  the deser t  t o  the east  o f  San 

Gorgonio, as can be seen on a 00002, J u l y  11, surface chart .  Since the San 
Gorgonio mountain range provides a physical b a r r i e r  t o  the two a i r  masses, i t  

can be an t i c i pa ted  t h a t  t h i s  i s  the approximate pressure grad ien t  t h a t  ex is ted  

across the pass on t h a t  day. 

S im i l a r  synopt ic cond i t ions  ex is ted  on J u l y  29. Although the center o f  

the  P a c i f i c  h igh  pressure system i s  f u r t h e r  t o  the nor th  and east. The 

thermal low i s  equa l ly  wel l  developed as i t  was on the l o t h ,  as a r e s u l t :  the 

pressure grad ien t  dur ing the t ime o f  maximum heat ing (1700 PDT) was equivalent  

t o  the 10th dropping from 1012 mb i n  Los Angeles t o  1004 mb i n  the desert. 

The upper a i r  char ts  should a lso provide an i n d i c a t i o n  o f  the s i m i l a r i t y  

between the two period, since the semi-permanent P a c i f i c  h igh  pressure system 

shows as a r i d g e  a l o f t .  However, i n  the southwestern U.S., dur ing the summer, 

upper a i r  char ts  normal ly e x h i b i t  weak gradients. During t h i s  t ime the reg ion  

i s  r e l a t i v e l y  f ree  o f  synopt ic-scale disturbances, and temperature d i f fe rences  

a re  generated p r i m a r i l y  by surface heat ing and coo l ing  patterns, which are no t  

r e f l e c t e d  very s t rong ly  i n  upper l e v e l  char ts .  As a resu l t ,  upper l e v e l  winds 

are general ly  q u i t e  l i g h t  i n  t h i s  region dur ing t h i s  t ime o f  year. 

The 850 mb char ts  f o r  J u l y  10 i n d i c a t e  the weak upper- level f low 

cond i t ions  i n  the San Gorgonio region. Winds are q u i t e  l i g h t  a t  Los Angeles, 

and temperature and he igh t  gradients are very weak. Temperatures a t  t h i s  

he igh t  are about 23OC. The he igh t  o f  t h i s  pressure surface i s  about 1515 m i n  

t h i s  region. A weak west- to-east g rad ien t  i s  ev ident  associated with the 
P a c i f i c  h igh  pressure system centered about 1500 m i les  t o  the northwest, and 

the  thermal low centered over nor thern Mexico. I n  the afternoon, t h i s  

g rad ien t  t igh tens  and winds increase due t o  increased surface heat ing on the 
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east  s ide  o f  the pass. The same pa t te rn  preva i led  -on the 29th, on l y  wi th a 

stronger temperature grad ien t  ev ident  t o  the nor th  o f  the region associated 
w i t h  a l a r g e  upper- level low pressure system passing across the P a c i f i c  

Northwest. However, over the pass, temperatures and heights o f  the pressure 

l e v e l  are near ly  i d e n t i c a l  t o  the l o t h ,  with a general west-east pressure 

grad ien t  associated w i t h  a P a c i f i c  h igh  pressure 2000 m i les  t o  the northwest, 
and a thermal low pressure over cen t ra l  Mexico. 

Examination o f  the 500 mb char ts  reveals the synopt ic cond i t ions  t h a t  

p reva i led  over the nor thern hemisphere f o r  these two t ime periods. The 500 mb 
char ts  f o r  these days showed t h a t  the synopt ic s i t u a t i o n  f o r  the two per iods 

was very s im i l a r .  I n  both cases a low pressure trough ex is ted  over the 

P a c i f i c  Northwest, w i t h  temperatures a t  t h i s  pressure 1 eve1 around -20°C, and 

heights o f  the pressure l e v e l  around 5700 m. Over the P a c i f i c  Southwest, 

temperatures on both days were about -5OC, and heights o f  the pressure l e v e l  

about 5900 m. As w i t h  the other  charts,  the r i dge  o f  h igh  pressure over the 

P a c i f i c  Ocean appears t o  be somewhat c loser  t o  the mainland on the 10th than 

on the  29th. I n  add i t ion ,  despi te s i m i l a r  height  gradients, winds a t -  the 500 

mb leve l  on the 10th are much stronger, and from the southwest, than on the 

29th where winds a t  Los Angeles were l i g h t  and from the north. 

I n  summary, examination o f  the surface and upper a i r  char ts  f o r  the two 

study periods, J u l y  10 and J u l y  29, show t h a t  synopt ic cond i t ions  were o u i t e  

s i m i l a r  for  the two days. The P a c i f i c  h igh pressure system was centered 

c loser  t o  the coas t l i ne  on the 10th than on the 29th, r e s u l t i n g  i n  s l i g h t l y  

stronger synopt ic f l ow  on the 10th. This could be r e f l e c t e d  a t  San Gorgonio 

Pass by h igher  afternoon winds on the 10th than on the 29th, although the 

synopt ic pa t te rn  supports s t rong thermal gradient  winds across the pass f o r  
both periods. 

c 
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6.0 CORRELATION ANALYSIS AND RESULTS 

The same regions which were analyzed f o r  the de ta i l ed  wind vector  
ana lys is  (Sect ion 5.0) were used t o  compute auto- corre lat ions f o r  the l a t e r a l  

and 1 ongi t u d i  nal  wind components. These c o r r e l  a t i ons  were then used t o  

evaluate i n t e g r a l  length  scales. To compute the auto- corre lat ions,  the  
l ong i tud ina l  and l a t e r a l  f l ow  d i r e c t i o n s  were evaluated as a spa t i a l  average 

over the region o f  i n t e r e s t .  Ve loc i t y  components and t h e i r  respect ive 

coordinates were ro ta ted  t o  a coordinate system such t h a t  the mean f l ow  

d i r e c t i o n  became the " X "  ax is  o r  the l ong i tud ina l  ax is  and the normal t o  the 

mean f l ow  d i r e c t i o n  became the "Y"  ax is  o r  the l a t e r a l  axis.  The 
computational procedure used t o  ob ta in  the average autocorre l  a t i ons  from the 

f low f i e l d  v e l o c i t y  components i s  discussed below and i l l u s t r a t e d  i n  F igure 
9. 

Each wind vector  then was separated i n t o  i t s  l ong i tud ina l  and l a t e r a l  
component. The f l ow  region o f  i n t e r e s t  was then d iv ided i n t o  100 meter wide 

s t r i p s  normal t o  the mean f l ow  d i r e c t i o n  f o r  l a t e r a l  d i r e c t i o n  computations 

( i  .e., l a t e r a l  component- lateral d i r e c t i o n  and l ong i tud ina l  component- lateral 

d i r e c t i o n )  and 100 meter wide s t r i p s  p a r a l l e l  t o  the mean f l ow  d i r e c t i o n  f o r  

l ong i tud ina l  d i r e c t i o n  computations (i .e., l ong i tud ina l  component- longitudinal 
d i r e c t i o n  and l a t e r a l  component- longitudinal d i r e c t i o n ) .  The v e l o c i t y  data i n  
each 100 meter wide s t r i p  are tnen i n te rpo la ted  us ing a cubic sp l i ne  t o  
prov ide un i fo rmly  spaced v e l o c i t y  data needed t o  perform the c o r r e l a t i o n  
computations. These co r re la t i ons  are then ensemble averaged over the region 

of i n t e r e s t  producing a t r u e  spa t i a l  averaged c o r r e l a t i o n  a t  these upper a i r  

1 eve1 s. 

These average auto c o r r e l a t i o n s  from f l ow  over Palm Springs and the f l ow  
e x i t i n g  the o f  San Gorgonio Pass are shown i n  F igures 10 t o  25. 

F igures 10, 11, 18, 19, 22, and 23 are computed autocor re la t ions  f o r  
v e l o c i t y  components co r re la ted  i n  t h e i r  component d i r e c t i o n  (e.g., 

l ong i tud ina l  component - l o n g i t u d i n a l  d i r e c t i o n ) .  From the Four ie r  I n t e g r a l  
fo r  the au tocor re la t ion  o f  a v e l o c i t y  component i n  the d i r e c t i o n  o f  the 

c 
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ikXi 
component R i (X l i  = Ai(k)e dk, and c o n t i n u i t y  one can show t h a t  w i th  an 

i n f i n i t e  record t6e" auto c o r r e l a t i o n  should remain pos i t i ve .  However, f o r  a 

f i n i t e  record where the mean i s  removed from the data (as i t i s  f o r  

c o r r e l  at ion/covariance computation) the  average value o f  the auto c o r r e l a t i o n  
may be w r i t t e n  as: 

X 
1 I 1 R(X)dX = --- x o  X 

which may be shown 

c o r r e l a t i o n  l a g  X .  

t o  be equal t o  zero when in tegra ted  over the  t o t a l  

This  i s  because on ly  f i n i t e  harmonics remain whose 

c o r r e l a t i o n s  are harmonics o f  p rec i se l y  the same wavenumber and thus each 

harmonic in tegra tes  t o  a value o f  zero over the spa t i a l  record length.  Thus, 
f o r  f i n i t e  record lengths the i n t e g r a l  o f  the c o r r e l a t i o n  must equal zero i f  
in tegra ted  t o  the record length. An i d e n t i c a l  analogy e x i s t s  f o r  temporal 

data. Thus, the negat ive p o r t i o n  o f  the auto c o r r e l a t i o n  f o r  the c o r r e l a t i o n  

o f  i n  l i n e  components using a f i n i t e  record length  i s  a necessity.  The on ly  

major problem t h i s  poses i s  how t o  determine the Taylor  i n t e g r a l  length  scale. 

The author 's  o f  t h i s  paper opted f o r  computing the i n teg ra l  scale by 

i n t e g r a t i n g  t o  the f i r s t  zero, as w i l l  be discussed i n  the next  sect ion. 

The i n t e r p r e t a t i o n  o f  the co r re la t i ons  presented i n  Figures 10 t o  25 do 

reveal some i n t e r e s t i n g  observations. These are t h a t  i n  the pass region where 
the f l ow  i s  d i l i t a t i n g  there i s  l i t t l e  d i f f e rence  between i n  l i n e  component 

co r re la t i ons  and the co r re la t i ons  o f  components normal t o  t h e i r  vector  

d i rec t i on .  This  shows t h a t  the f l ow  i n  region may no t  be considered 

i so t rop i c .  The co r re la t i ons  over Palm Springs appear more normal bu t  s t i l l  do 

no t  i nd i ca te  i s o t r o p i c  f low. Longi tudinal  and l a t e r a l  spa t i a l  co r re la t i ons  

developed f o r  i s o t r o p i c  turbulence using the Van Karmon, Kaimal o r  Dryden 

Spectrum ind i ca te  more rad i ca l  d i f fe rences  i n  the l ong i tud ina l  and l a t e r a l  

c o r r e l a t i o n s  t h a t  were observed near San Gorgonio. 

a 
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7.0 ATMOSPHERIC LENGTH SCALES 

The autocor re la t ions  provided i n  Sect ion 6 were used t o  compute i n t e g r a l  

length  scales for the f l ow  measured over Palm Springs and a t  the San Gorgonio 
Pass e x i t .  These length  scales were computed by i n t e g r a t i n g  the 

au tocor re la t ion  funct ions t o  t h e i r  f i r s t  crossing. The i n t e g r a l  length  scale 

was f i r s t  introduced by G. I .  Taylor(3)  i n  h i s  c lass i ca l  paper on "The 

Spectrum o f  Turbulence". I f  one examines the re1 a t i ons  between c o r r e l a t i o n  
and spectra 

OD 

R(X) = A(k)eikxdk 

-QD 

one sees t h a t  the i n t e g r a l  length  scale i s  simply 2n t imes the spectral  

amplitude a t  a wavenumber = 0. 

Table 7 l i s t s  the i n t e g r a l  length  scales computed from the 
au tocor re la t ions  given i n  Sect ion 6. Table 7 a lso gives estimated values o f  

i n t e g r a l  scales from various gu ide l ine  reference documents. 

b 



62 

cu 
W 
h 

0 
0 
m 

d 
v) 
4 

m 
h 
cu 

c u o c o o  h o m o  
d d m d  

m ( U L n 0  
W O W D N  
d m d m  

e ?  m m  
E S  .- .C a -  
3 
c, 



63 

LITERATURE CITED 

1. H. Yeh, and H. Z. Cummins; Local ized f l u i d  f l ow  measurements w i t h  He-Ne 

Appl . Phys. l e t t .  4,176,1964 l ase r  spectrometer. 

2. J. Bi lb ro ,  G. F i c h t l ,  D. F i t z j a r r a l d ,  M. Krause and R. Lee; Airborne 
Doppler L i da r  Wind F i e l d  Measurements; B u l l e t i n  o f  the American 

Meteorological  Society, Vol. 65, No. 4, A p r i l  1984. 

3. G. I. Taylor; The Spectrum o f  Turbulence, Proceedings o f  the Royal 
Society, A, Vol. CLXIV (1938), pp. 476-490. 

4. J. W. B i l b r o  and W i l l i a m  W. Vaughan; B u l l e t i n  o f  the American 

Meteorological Society, Vol. 59, No. 9, September 1978. 

5. J .  Counihan; "Adiabat ic Atmospheric Boundary Layers: A Review and 

Analysis o f  Data  From the Per iod 1880-1972; Atmospheric Environment; Vol . 
9, pp. 871-905, 1975, Great B r i t i a n .  

6. " Charac te r i s t i cs  o f  Atmospheric Turbulence Near the Ground - P a r t  11: 

S i  ngl e Po in t  Data f o r  Strong Winds ( Neutral Atmospheric) 'I. Engi neer i  ng 

Science Data Un i t ,  I tem No. 74031, March 1975. 

7. "Character is t ics  o f  Atmospheric Turbulence near the Ground - P a r t  111: 
Var ia t ions  i n  Space and Time f o r  Strong Winds (Neutral  Atmospheric). 
Engineering Science D a t a  Un i t ,  I tem No. 75001, October 1976. 

8. " Te r res t r i a l  Environmental (C l imac t i c )  C r i t e r i a  Guide1 ines f o r  Use i n  
Aerospace Vehic le Development" , 1982 Revision, NASA TM 82473, Robert E. 

Turner and C. K e l l y  H i l l ,  Compliers, June 1982. 

9. R. W. Hornbeck, Numerical Methods, Quantum Publishers, Inc.  New York, 

1975. 



64 

APPENDIX A 

TEST PLAN FOR 

I N  SAN GORGON10 PASS AREA 
NASA’s AIRBORNE DOPPLER LIDAR SYSTEM (ADLS) TESTING 

INTRODUCTION 

During FY81, NASA/MSFC e lec ted  t o  perform a f l i g h t  t e s t  op t ion  c a l l e d  
“The San Gorgonio Test  Option”. For t h i s  t e s t  op t ion  the NASA w i l l  use i t s  

a i  rborne Doppler L i d a r  System t o  character ize the accel erated f l o w  region i n  
and near San Gorgonio Pass, Ca l i f o rn ia .  A t  t h i s  reg ion  the mari t ime l a y e r  

from the west coast t o  accelerated through the pass and then spreads out  over 

t he  v a l l e y  f l o o r  on the east side o f  the pass. The experiment was selected i n  

order t o  study accelerated f l ow  i n  and a t  the e x i t  o f  the canyon. The t e s t  

w i l l  a lso prov ide in fo rmat ion  on the atmospheric f low i n  t h i s  region f o r  which 

DOE, Southern C a l i f o r n i a  Edison, and the State o f  C a l i f o r n i a  have expressed 

i n t e r e s t  from wind energy resource considerat ions. 

The NASA ADLS i s  pulsed and has a spa t i a l  reso lu t i on  o f  about 300 m and 
w i l l  average over 140 contiguous beam paths f o r  each range gate t o  a range o f  

10 kin. This system measures the along-1 i ne- o f- s i t e  wind v e l o c i t y  component. 

Ground t r u t h  w i l l  be ava i l ab le  f o r  l i m i t e d  comparison w i th  the NASA ADLS 

The ground t r u t h  w i l l  i nc lude wind data taken, concurrent ly  w i th  the resu l t s .  

f l  i g h t  data , by 

a) 

b) 

C )  

d) 

one 100 m (330 f t )  tower, 4 l e v e l s  o f  inst rumentat ion (Data w i l l  be 
taken courtesy o f  Southern Cal i f o r n i a  Edi son by Aerovi ronment 
personnel ; ) 

one 50 m (160 f t )  tower, 3 l e v e l s  o f  in fo rmat ion  (Data w i l l  be taken 
f o r  DOE by PNL.) 

approximately ten meter (33 f t )  towers, one l e v e l  o f  inst rumentat ion 
(Data w i l l  be taken courtesy o f  Southern C a l i f o r n i a  Edison by 

Aerovironment personnel .) 

three t a l a  k i t e s  (Data w i l l  be taken courtesy o f  Southern C a l i f o r n i a  
Edison by Aerovironment personnel . ) 

1 

* n 



65 

The NASA a i r c r a f t  must have an air- to-ground conimunication system so t h a t  

the f l i g h t  paths, times, etc., can be cont inuously communicated t o  the 
Southern C a l i f o r n i a  Edison, Aerovironment, and PNL personnel tak ing  the ground 

t r u t h  data. 

Personnel t e n t a t i v e l y  i d e n t i f i e d  t o  coordinate the var ious ground t r u t h  
a c t i v i t i e s  are 

PNL--Dave Renne o r  Tom Hei s t e r  (509) 375-6161 
Bat te l le- - Wi l l iam C l i f f  (509) 375-2024 

Southern Cal . Edi son--Robert Y inger  (213) 572-2196 

Aerovironment--Tom Zambrano (213) 449-4329 

It i s  expected t h a t  B a t t e l l e ,  PNL, and Southern C a l i f o r n i a  Edison w i l l  

have representat ives on board the a i r c r a f t  dur ing the f l i g h t  tes t ing .  These 

personnel w i l l  requ i re  ground communication t o  t h e i r  i n - t h e - f i e l d  personnel. 

a 

d 
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FLIGHT PATHS FOR NASA 
AIRBORNE D OPPLER LIDAR SYSTEM 

The fo l l ow ing  f l i g h t  paths have been designed t o  ob ta in  in fo rmat ion  o f  
the f l o w  a t  the e x i t  o f  San Gorgonio Pass and f l ow  through the pass. These 

f l i g h t  .paths have a lso been designed t o  ob ta in  in fo rmat ion  which may be 

compared w i th  data obtained a t  the ground s ta t i ons  prev ious ly  described. 

F l i g h t  Path No. 1 

Beam Configurat ion: Locked, l ook ing  forward and down 

Axmuthal angle of beam, BA ( t o p  view) = 13.84' 

E levat ion  angle o f  beam, B E  ( f r o n t  view) = 15..00° 
V e r t i c a l  angle of beam, B z  ( s i d e  view ins ide  plane) = 47.41° 

F l i g h t  Path:  South t o  nor th  along constant long i tude o f  116°34'43"W (a long 
sec t ion  l i n e  which bi-sects sect ions 20 and 21 i n  Township 3s and 
Range 4E) 

S t a r t i n g  a t  L a t i  tude: 33O51'35"N 
Ending a t  La t i tude:  33°58'30"N 

A l t i t u d e  o f  f l i g h t  path: 

This f l i g h t  path i s  4.8 m i l es  from the Southern C a l i f o r n i a  Edison 100 meter 
tower. The beam w i l l  i n t e r c e p t  the ground a t  the tower, thus pe rm i t t i ng  
comparison w i th  the tower measurements. This f l i g h t  path w i l l  a lso provide 

data on the v e r t i c a l  p r o f i l e  o f  the hor izonta l  v e l o c i t y  f i e l d .  In t h i s  
con f i gu ra t i on  each u n i t  length  o f  the l a s e r  beam w i l l  have a n o r t h e r l y  

component o f  0.23147, a wester ly  component o f  0.93969, and a v e r t i c a l  
component o f  -1.25179. 

7620 f t  above sea l e v e l  

F l i g h t  P a t h  No. 2, 3, and 4 

Beam Conf igurat ion:  Same as F l i g h t  Path No. 1 

F l i g h t  Path: South t o  nor th  along a constant long i tude o f  116O32'41" 
( d i r e c t l y  along Ind ian  Avenue, b i s e c t i n g  Sections 22 and 23 i n  
Township 3s and Range 4E) 
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S t a r t i n  L a t i  tude: 33050 '44"N 

( S t a r t i n g  on the i n te rsec t i ons  of Sections 10, 11, 14 and 15 o f  
Township 4s and Range 4E, and endina on the i n t e r s e c t i o n  o f  
Sections 22, 23, 26 and 27 o f  Township. 2s and Range 4E) 

Ending P a t i t ude :  33°58'30''N 

A1 ti tude o f  F1 i g h t  Path: 

No. 1: 3760 f t  above sea l e v e l  
(Th is  i s  about 3000 f t  above North Palm Springs) 

No. 2: 4260 f t  above sea l eve l  

No. 3: 5760 f t  above sea l e v e l  

Th is  f l i g h t  path i s  2 mi les  from the DOE tower and Southern C a l i f o r n i a  wind 

tu rb ine  area. These f l i g h t s  should help de f ine  the v e r t i c a l  p r o f i l e  i n  the 
region where the v a l l e y  opens up. 

F l i g h t  Paths No. 5, 6, 7, 8, 9, 10, and 11 

Beam Conf igurat ion:  Nominal hor izonta l  scan 

F l i g h t  Path: South t o  no r th  on odd number f l i g h t  paths and nor th  t o  south on 
even number f l i g h t  paths 

A1 1 f l  i ghts a1 ong constant 1 ongi tude o f  116O34 '43"W 
(Same as f l i g h t  path No. 1) 

S t a r t i n g  L a t i  tude: 33°51'35"N 
Ending L a t i  tude: 33°58'30"N 
(La t i tudes  same as F l i g h t  Path No. 1) 

A1 ti tude o f  F1 i g h t  Paths: 

No. 5: 2500 f t  above seal l e v e l  
(about 1500 f t  above t e r r a i n )  

No. 6: 2500 f t  above sea l eve l  

No. 7: 3000 f t  above sea l e v e l  

No. 8: 3500 f t  above sea l e v e l  

No. 9: 3500 f t  above sea l e v e l  

No. 10: 6000 f t  above sea l e v e l  

No. 11: 6000 f t  above seal l e v e l  
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These f l i g h t s  are t o  describe the hor izonta l  f l ow  f i e l d  near and outs ide the 
e x i t  o f  the pass. 

F l i g h t  Paths No. 12, 13, 14, 15, 16, and 17 

Beam Conf igurat ion:  Nominal hor izonta l  scan 

F l i g h t  Path: East t o  west on even numbered f l i g h t s  and west t o  east  on odd 
numbered f l i g h t s .  

Even numbered f l i g h t s  the plane should stay 1/2 m i l e  nor th  o f  
I n t e r s t a t e  10 beginning where I n t e r s t a t e  10 crosses f l i g h t  path 
No. 2 (Longitude 116°32'41") and proceed west t o  Banning. Odd 
numbered f l i g h t s  should stay 1/2 m i l e  south o f  I n t e r s t a t e  10 
beginning a t  Banning and proceeding east t o  where I n t e r s t a t e  10 
crosses f l i g h t  path No. 2. 

A l l  f l i g h t  paths are t o  be slanted such t h a t  the plane stays a 
constant he igh t  above grade. 

Height above grade f o r  f l i g h t  path: 

No. 12 1500 
No. 13 1500 
No. 14 2500 
No. 15 2500 
No. 16 5000 
No. 17 5000 

These f l i g h t  paths w i l l  be approximately 18 m i les  long and w i l l  de f ine  the 
hor izonta l  wind f i e l d ,  i t s  v e l o c i t y  and d i r e c t i o n  as i t  f lows down the pass. 

I t  w i l l  a lso a s s i s t  i n  de f i n ing  the depth o f  the mar i t ime l a y e r  near Banning. 

a 
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